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Swnmary 

Issues Of energy and lumtnosity for the ssc alle 
briefly reviewed. 

I”tPod”Ctio” 

Two years have passed since the idea Of a hSdr-0” 
S”pePcollider uss born here at snamass. A great deal 
has happened in we inter,m. The go.31 Of me ssc has 
bee” enthusiastically embraced by the particle physics 
community, me Reference Designs have been completed, 
an “mbPella organization has bee” put in place fOP the 
R&D phase. and leaders Of that effort haYe bee” 
identified. It seems appropriate at this time to take 
stock Of where we are going by posing the questions 

. !4hy are we doing this? 

. mat is req”iPed to accomplish our 
phys‘es objectives? 

. can experiments be done ““dW the 
required conditions? 

me Physics Motivation 

me developments Of me past decade have? brought 
us to a new 1we1 OP understanding Of the f”“damental 
interactions. Many or the experimental msu1ts on 
which this new “nderstandlng 1s founded were 
themselves made accessible by a new ge”ws.tio” OP 
accelerators WhlCh opened new energy fPO”tfePS. we 
“au appreciate that quark?. and lepto”s are me 
fun’iamental Co”stit”e”tS Of matter cat the C”rPe”t 
l,rniLS Of resolution,. and see gauge theories as the 
appmprlate descrlptio” Of the stPo”g, weak. and 
electromagnetic interactions. 

me s”ccesses (partial though they be) Of quantum 
ChPomodynamics and the s”(2)LB”(l)y electroweak theory 
are we11 known. They Invite a close an* CPitIcal lOOk 
at the completeness and CO”S1Ste”Cy Of me StandaPd 
model: how much does it achieve. what 1s left O”t. and 
wny does It. VOPk? me shartcomings Of the C”Pre*t 
paradigm sre many. They have to do with ““answered 
questions and with the apparent aPbitPaPi”ess Of the 
theory embodied in a large ““rnb6T Of Seemingly free 
parameters. 

A particularly serious problem is assaclated vim 
the spontaneous breakdown Of the electr0ueak gauge 
symmetry or, in other words, “it,h me luggs sector or 
the e1ectrouealc theory. me trout& lies not Only I” 
tile absence Of any Peal preaiction *or the mass OP the 
Higgs boscl”, b”t. alsO in the instability OP field 
theories l”“ol”‘ng elementary scalars. I” a ““iiied 
theory. the problem Of me ambiguity Of the Higgs 
sectw is heightened by the need for two distinct 
steps In the symmetry breakdown, e.g., SU(5) + 
SU(3)pJ(2) B”(1) at 10” Ge” and su(2)LBu(l)y + 

“(’ % at 
b he%. A complete theory m”st ensure and 

exp1a ” a dozen orders o* mynitude between the masses 
Of the intermediate b0SO”S w and za and the masses Of 
me 1eptoqU.wI( bosom that would mediate proban decay. 

Both genera1 Srg”OE”tS S”Ch as “nitarity 
constraints and Specific conjectures for the 

PesOl”ti0” Of the *iggs problem suggest 1 Te” as a” 
energy Scale on MliCh new phenomena crucial to 0”P 
“ndePSta”di”g Of the E”ndamental interactions must 
OCC”r. FOP a rrontier facility of the 1990’S, an 
impwtant desideratum IS tAwerore the capability to 
explore electroueak phenomena on the 1 TN scale. 

me *Ccelerator RequiPementS 

A multi-Te” hadron collider Should prwide the 
means to test thoroughly the predictions or the 
standard model. to illuminate me physics Of 
electraweak symmetry break‘ng, and to explore the 
““k”OW”. I” order to translate these sentiments into 
Peq”iPeme”t.S far SCCeleParoP performance. Esria 
Eichte”, Ian Hinchliffe, Ken Lane. and I (EHLQ) haYe 
COnSldePed’ a bPOSd Variety Of hard-scattering 
pPocesses which bear on me cspabil‘ties Of a 
hadron-hadron COll‘dfY. These include CO”Yentio”al 
pPocesses such as the productlo” Of large tPa”SYePSe 
lSO~~“t”Dl jets in PCD and the electroweak WiP 
pPOd”Otio” Of gauge tJosons. S”Ch pPocesses are Of 
interest as tests Of the Standard model and as 
backgrounds to mot-e exotic phenomena. Among the 
Lstter, we analyzed several alternatives for the Higgs 
sect,or Of the electPow&sk theory. including the 
minima1 Weinberg-Salam solution, S”pePsymnetPy. and 
technicolar. We examined modest extensions to the 
standard model: sequential ‘J”BPkS and 1eptons, and 
additional charged and neutr-a1. i”tePmediate bosons, 
and alsO looked at man‘festations Of quark and lepto” 
COmpOSite”eSS. I” each case, we explored the 
prospects for pPOd”Ctio” and detection, in light Of 
the anticipated cO”“e”tio”a1 baCkgPO”“dS. We did not 
ConsldeP in detail how to disti”g”ish one new physics 
signal Prom another. 

The calculations pIlese”ted in EHLQ are intended 
to provide a base Of Pererence i”foPmatio” which Will 
provoke informed dlsc”ssio”s Of me energy and 
l”minosity requirements far a S”pePcollider, and Of 
me Pelative merits Of pPoto”-pPoto” an* 
p~OtO”-Z3”tipPS.O” COlliSiO”S. other C?l~~~“tS, 
including technical feasibility. rate demands an 
detectors. and cost, must also be we‘ghed in arriving 
at machine parameters. For each Of the pPi”Cipal 
physics topics. we have given a Stylized summary Of 
collider per*ormance as a f”“Ct.iO” Of c.m. energy and 
1”mi”OSity. These alle based 0” disco”ery criteria 
which we belieYe reasonable, but Which are in the end 
inevitably somewhat arbitrary. 

Because the choice Of ssc parameters Will affect 
everyone’s f”t,“E. a11 OP you Should feel Obligated to 
give the matter some thought. 5 urge you to use me 
cross SWt,iCJ”S in EHLQ to make an independent 
assessme”t Of collider capabilities. me paPtO” 
luminosities presented there pro”ide a measure Of 
collider capabilities that is not rimI to specific 
theoPetica1 inventions. 

TO open the disc”ssio” Of these iss”es, I remind 
you or the co”c1”sio”s Peached by mua: 

IT . we w-e confident that a 40 Te” collider 
which permits expeP‘me”tatio” at 
i”tePPated lum‘nosities Of 10’3 cm-~ Will 
make- possible a detailed exploration Of 
the 1 TN scale. 



. For a 10 Tc?Y de”&; the same guarantees 
cannot so comfortably be made. At this 
1oweP energy, the upper reaches Of the 
emected mass l-a”bTes for new ohenomena 
are inaccessible, &en at a” integrated 
l”mi”OSity Of 10” cm-‘.” 

Energy an* 1uminasity matters have also. received 
some att.ention at me Lausanne LHC UoPkshop. 
P.CcoPdi"g to the S"mmaPy RepOPt. 

"The highest energy Cl8 Te", YOUld be 
desirable, but them is no known threshold; 
the key po‘nt is to Peach at least 1 Te" at 
me constituent level. A high luminosity, 
say -10" cm-' so-', would be a* important 
asset." 

Of CO"PS.?, it does not S"fficx merely to skim the 
co"cl"sio"s Of these documents. It is important to 
examine how the .s"thOPS at-rived at their 
pra"o""ceme"ts, and what ass"mptio"s were made.~ 
Nevertheless, I read me LHC co"clusio"s as S"ppoPti"g 
EHLQ'S belief that to complete the electroweak agenda. 
an energy in excess of 10 TeY is desirable. I hasten 
to add that, faced uim the choice Of a 10 TN 
collider or noming, I would opt far the 10 T.2" 
COllidW.* I" EHLQ'S words, 

"We are not so foolish as to say that a 
10 Te" Collider is without interest, or to 
asswt that OUP CalC"lationS prove that It 1.3 
i"adeq"ate to the task Of Smtlng O"t me 
physics Of electroueak symmetry breaking. We 
cannot state the PPtxiSt? locatlo" Of me 
dividing line between our co"Pide"ce at 
(40 Te". 10Jp cm*) and our trepidation at 
Cl0 Te", 10'0 cm-')." 

TWO paints tlaw emerged from the exsmi*ati0* Of 
the same set Of physics topics at S"omass. First, 
there is no disagreement With the conclusion that a 
40 Te" collider opwating at 10" cm-" set-' can 
accompl‘sh the physics goals ue now foresee. Second, 
there is genePa agreement that deteCtOPS Will operate 
Satisfactorily at 10" cm-* set-'. I pegad this as 
important progress toWaPd defining what the ssc Shculd 
be. me physics and deteCtoP disc"ssio"s or the past. 
year have bPo"ght us close to a demonstratlo" that. we 
can achieve what we set out to a0 WitA the ssc, in 
that the exper‘ments to inve*tigate "know"" phenomena 
can be done with techniques now at hand. 

I Should say mat I do not consider this 
concl"sio" to be an wgument against higheP 
luminosity. Energy-l"ni"oslty tradeoffs are complex. 
and the ClIscoYePy reach Of a machine Will be extended 
by the possibility of higher-luminosity running. 
DeteCtoP capabilities Will swe1y increase markedly 
o"eP the lifetime Of the ssc. 

wotons or Antiprotonss 

me PhYSICS interest Of Pp versus pp collisions 
has bee” considered in a ““InbW Of Studies. including 
the micago workshap.’ me co”se”s”s is represented by 
EHLQ’S assessment mat 

“for h.wd-scsttePi”g processes. me advantage 
Of pp OYl?P pp collisio”s (at the same energy 
and luminosity) I-or the pPOd”Ctlo” Of “asslve 
states is limited to a few special situations 
in YhiCh the presence OP valence anriquarks 
is impOPta”t and the integrated collider 
luminosity exceeds 5rlO” me’.” 

Examples Of s‘tuations in which pp collisions may 
afford a greater PhYS‘CS reach are the production and 
degree OP polartzatlo” Of new intermediate bosons, and 
some compos‘teness tests. 

This suggests that the choice Of pfp collisio”s 
should be based on SCCelePatOP co”ceP”s, Cost. 
l”“l”osity, energy. and the “umber Of interaCtionS per 
cPoss1”g tolerable in cietectm-S. Hard-scattwing 
pPocesses do not express a strong pPefePe”ce far one 
beam or me Ot.hW. on the “UmbW Of events per 
crossing. it. is VOPth noting that the d?.teCtOr 
a*a1ysrs haYe endorsed <lo=, ,s whereas the ssc 
Reference Designs Study, actl1eves L?. 10” cm” xc-’ 
with 10 fntwactions per crossing. 

Pllogress at snawmass 

EvePyOne who has participated in these 
discussions is keenly avaPe Of the immense amount Of 
UOPk that remains berm-e us in Order to maw 
experimentation at. the ssc a Peality. !3owevw, a 
number Of important beginnings have bee” made here. 
limong them, I would cite the following as especially 
signif‘cant: 

. work toward the detection with high 
efftciency of intermediate bosons, and 
toward ““derstanding the Q-jet QCD 
background. 

. *ssessing the needs for test beams 

. Work in progmss on realistic simulations 
Of S”pePSymJnetPlC particle pPOd”Ctio” and 
decay. 

. Identification Of tarriers to cietectm 
performance. 

. iz joining of issues on the ep and 
fixed-target options. 

An issue that has not been joined hwe (because 
no “true believers” came farward) concerns the 
importance or pOlarized beams. me selling point is 
that pOlaPizaLio” offers a mOPe d‘fferential probe, 
and ChlS can be ill”StPated by speciric examples in 
the Study Of new .d’ 9 and Z’S, and in the 
interpretatian Of hints for CpXk-leptO” 
COmpOSlteness. me examples that come to Iny) mind 
all qua1iry as “second m”“d” experiments, but this 
‘does not a”tomat.ically “ark them as Second rs.te. The 
OppoPt”“ities afforded by pa1arization deserve a 
thorough look. 

In this connection, it is useful to note that 
plausible *OlaPiZed Str”Ct”Pe *unctions we readily 
a”Ciilable. Dave FTocmerg has observed mat the 
Cwlltz-k”P pl‘escP*ptio”- which reproduces the 
polarized-e polarized-p scatt.ering data Of the 
SLAC-Yale experiment’~ essentially commutes with the 
am evolutlo” Of StPUCtums functions. The operation.31 
impOPta”Ce Of this remark is that you can select yO”r 
fa~ite set of large-a’ S~P~C~UP~ functi0n.5 .d 
COmp”te from them, by a simple procedure. the 
spin-dependent StP”Ct”Pe functions. 

pis a final remark an polarization, I note my 
canfusion about the impact on the accelerator ‘design. 
I have heard assessme*ts ranging Prom “a piece Of 
cake” to “well-nigh impossible.ts This must be an 
answerable question. It is lmpOPta”t that the 
technical issues be UndePstood quickly. 



Trigger Fates 

A” impOPta”t task begun” but not completed at 
snowmass ‘84 is confronting the challenges Of trigger 
rate at high l”mi”osity. The point to emphasize 19 
that tilwe are substantial rates for hard-.xatteri”g 
pPoct?5ses. and not merely for the fluff generated by 
peripheral co111sions. A few examples Will call 
attention to me ‘opportunit‘es’ face: at. 

S?=lo” cm-’ set-’ and ~5-40 Tev, we a*tEipate 

“ET-Trigger” Rate iHI1 ‘It %= lo= cm2 se; 

FIG. 1. CO”“tl”g Pale *or 
collis1o”s at an 

an ET-trigger in pp 
i”Sta”ta*WJ”s 

10” cm-a SW- (after mu). 
l”mi”OSity of 

It is a p1ea.sure to thank my CollaboPators Estia 
EiChh?“. Ian Hinchllffe, and Ken Lane far essential 
disc”ss1o”s. The de”Oted effwts Of the conference 
staff have CO”tPib”ted greatly to the S”CCBSS and 
Gemmlichkeit of the workshop. For the work carried 
out at Snowmass, we owe specl.31 thanks to Robin craven 
for tile impP-?.%3tYe opwation Of the 
Facility. 
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